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(57) ABSTRACT 
A DLL system in a memory device with wide frequency 
application includes: a clock receiver that generates a clock 
for the DLL system; a delay line, coupled to the clock 
receiver, for receiving the generated clock and delaying the 
clock according to a received power Supply; a power regula 
tor, for generating the power Supply to the DLL delay line 
according to a bias; a control logic, coupled to the clock 
receiver, for generating a plurality of logic signals respec 
tively corresponding to a plurality of frequency ranges of the 
clock; and a bias generator, coupled between the control logic 
and the power regulator, for providing the bias to the power 
regulator, wherein the value of the bias is according to a logic 
signal output by the control logic. 

14 Claims, 3 Drawing Sheets 
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DELAY LOCKED LOOP (DLL) SYSTEM FOR 
A MEMORY DEVICE WITH WIDE 

OPERATING FREQUENCY VIA A VARIABLE 
SUPPLY APPLIED TO A DELAY LINE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to DLLs, and more particularly, to 

DLLs in memories that have a wide frequency application. 
2. Description of the Prior Art 
Many memory devices incorporate Delay Locked Loops 

(DLLs) which contain an internal delay loop/delay line that 
locks to an external clock rate. The DLLs are used to elimi 
nate clock insertion delay. A typical example of a memory 
type that uses a DLL is Double Data Rate (DDR) memories, 
which are next generation memory devices that transfer data 
on both rising and falling edges of a clock signal. 

Please refer to FIG. 1. FIG. 1 is a diagram of a conventional 
DLL system 100 in a memory. As shown in the diagram, the 
DLL system 100 includes a DLL delay line 150 that has a 
fixed power supply supplied by a bias generator 120 coupled 
to a power regulator 130. The DLL delay line 150 is further 
coupled to an RCV buffer 110 that is the clock receiver for the 
DLL system 100, and receives a differential clock signal 
VCLK and \VCLK. The amount of delay will be according to 
the operating frequency of the DLL system 100; at higher 
operating frequencies, only a few delay elements in the delay 
line will be used, so there is less delay between the external 
and internal clock. At lower frequencies, the entire delay line 
150 will be used. The operating frequency range of a memory 
that uses a DLL is therefore limited by the number of delay 
elements within the DLL. 
Most memory systems have an operating range according 

to the JEDEC spec, which is a specification used in the field 
that provides standardized operating parameters for memo 
ries. For example, a DDR3 memory device has a recom 
mended clock frequency range of 800 MHz, 1600 MHz. 
Although it is possible for memories to operate outside this 
frequency range (when power saving is required, for 
example), this would necessitate increasing the typical num 
ber of delay elements within the delay line 150. The subse 
quent increase in space required for the DLL delay line 150 
means this solution is usually not implemented by manufac 
turers. A second option is to bypass the DLL system 100 
entirely when operating at lower frequencies. In conventional 
memories, the DLL system 100 would need to be disabled. In 
doing so, data output timing will no longer be the same as 
when the DLL system 100 is enabled and there is a risk that 
the accuracy of the memory will be adversely affected to an 
undesirable degree. 

With this in mind, there is a need for a DLL system to be 
used in a memory that can operate outside the standard oper 
ating frequency range of the memory without increasing the 
number of delay elements within the DLL system or disabling 
the DLL system during low (or high) frequency operation. 

SUMMARY OF THE INVENTION 

It is therefore an objective of the present invention to pro 
vide a DLL system for a memory that has a modulated power 
Supply which changes on the fly based on the memory oper 
ating frequency. This extended frequency range means the 
DLL system can function accurately at frequencies outside its 
prescribed range. 
A DLL system in a memory device with wide frequency 

application comprises: a clock receiver that generates a clock 
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2 
for the DLL system; a delay line, coupled to the clock 
receiver, for receiving the generated clock and delaying the 
clock according to the clock frequency and a received power 
Supply; a power regulator, for generating the power Supply to 
the DLL delay line according to a bias; a control logic, 
coupled to the clock receiver, for generating a plurality of 
logic signals respectively corresponding to a plurality of fre 
quency ranges of the clock; and a bias generator, coupled 
between the control logic and the power regulator, for pro 
viding the bias to the power regulator, wherein the value of the 
bias is according to a logic signal output by the control logic. 
A method for dynamically changing the power Supply of a 

DLL delay line of a DLL system in a memory device with 
wide frequency application comprises: generating a clock for 
the DLL system; determining an operating frequency of the 
clock and comparing the determined frequency against a 
plurality of frequency ranges; generating a specific logic sig 
nal that corresponds to a specific frequency range; and utiliz 
ing the specific logic signal to set the power Supply for the 
DLL delay line. 

These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art after 
reading the following detailed description of the preferred 
embodiment that is illustrated in the various figures and draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a DLL system in a memory device 
according to the conventional art. 

FIG. 2 is a diagram of a DLL system in a memory device 
according to an exemplary embodiment of the present inven 
tion. 

FIG. 3 is a flowchart illustrating a method of dynamically 
altering the power supply of a DLL delay line of a DLL 
system according to an exemplary embodiment of the present 
invention. 

DETAILED DESCRIPTION 

The present invention provides a DLL system operating in 
a memory device that has a wide frequency application, 
wherein a delay line power supply of the DLL system can be 
modulated on the fly according to an operating frequency of 
the memory device. 
As detailed in the description of the related art, a conven 

tional DLL delay line operates at a fixed power supply. When 
a memory is operated at a frequency outside of the frequency 
range determined by the JEDEC spec, the fixed power supply 
for the DLL delay line coupled with the limited number of 
delay elements in the DLL delay line will be insufficient to 
lock the internal delay loop to the external clock at this clock 
frequency. This means the memory cannot use the DLL sys 
tem at this clock frequency (a frequency which is outside the 
Supporting clock frequency range of the DLL system). 
The present invention therefore provides a DLL system in 

a memory device that comprises a frequency detection 
mechanism, and uses this detected frequency to modulate the 
power supply to the delay line of the DLL system. 
As is well-known, a delay line of a DLL is made up of many 

delay elements, where each delay element contributes a Suc 
cessive delay. The final delayed clock signal is according to a 
total delay of these delay elements. When the power supply to 
the delay line is increased, the total delay will be decreased 
(and vice versa). This means that the wide frequency appli 
cation is more limited at the upper range than at the lower. In 
the following, the invention will be described with reference 
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to lowering the operating frequency; however, the same tech 
nique can be utilized when the operating frequency is 
increased. 

Please refer to FIG. 2, which is a diagram of a DLL system 
200 in a memory device according to an exemplary embodi 
ment of the present invention. As shown in the diagram, the 
DLL system 200 comprises a DLL delay line 250, an RCV 
buffer 210, a bias generator 223 and a power regulator 233. 
The RCV buffer 210 (or clock receiver) receives a differential 
clock signal VCLK and \VCLK. The DLL system 200 also 
comprises a frequency detection unit 270 coupled to a control 
logic 260, which supplies an input to the bias generator 223. 
The frequency detection unit 270 is further coupled to the 

RCV buffer 210 for determining the operating frequency of 
the DLL system 200. The frequency detection unit 270 in turn 
Supplies this detected frequency to the logic unit (control 
logic) 260. The control logic 260 will generate output logic 
signals according to the detected frequency and a predeter 
mined operating frequency range, which corresponds to the 
JEDEC specification for a standard memory device. In other 
words, depending on which memory system (DDR2, DDR3, 
FLASH etc.) the control logic 260 is used in, a different 
operating frequency range will be defined. 

In this description, the operating range of the DLL system 
200 is taken as 800 MHZ-1600 MHz, which is the standard 
operating frequency range of a DDR3 memory. The fre 
quency detection unit 270 constantly outputs detected fre 
quencies to the control logic 260. When the control logic 260 
detects an operating frequency above 1600 MHz it will output 
a first logic signal; when it detects an operating frequency 
below 800 MHz it will output a second logic signal; and when 
it detects an operating frequency between 800 MHz and 1600 
MHz it will output a third logic signal. Please note, however, 
that this is merely one example, and the control logic 260 can 
output a different number of logic signals according to system 
requirements. In another embodiment, the system could be 
used to switch between DDR2 and DDR3 memory devices, 
such that the system could operate within the JEDEC spec 
defined operating frequencies of both memory types as well 
as outside their prescribed frequency ranges. In this case, at 
least four thresholds comprising upper and lower operating 
frequencies for both memories would need to be defined, 
meaning the control logic 260 would need to output more 
logic signals than in the above example. Such a modification 
could easily be realized by one skilled in the art after reading 
the specification and the accompanying drawings. 
When the control logic 260 outputs the third logic signal to 

the bias generator 223, this indicates that the DLL system 200 
is operating within the prescribed frequency range of the 
memory device; therefore, the bias generator will control the 
power regulator 233 to provide the DLL delay line 250 with 
the standard power supply. When the control logic 260 out 
puts the second logic signal to the bias generator 223, this 
indicates that the DLL system 200 is being operated below the 
prescribed frequency range, and therefore the power Supply 
to the DLL delay line 250 must be lowered. The bias genera 
tor 223 and power regulator 233 therefore work to reduce the 
power supply to the delay line of the DLL delay line 250. 
Similarly, when the first logic signal is output, the bias gen 
erator 223 and power regulator 233 will work to increase the 
power supply to the DLL delay line 250. As the frequency 
detection unit 270 and control logic 260 are constantly detect 
ing the operating frequency and outputting corresponding 
logic signals, the power supply to the DLL delay line 250 can 
be constantly modulated. 

It is not essential to the present invention to utilize the 
frequency detection unit 270 for determining the operating 
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4 
frequency. In some embodiments, frequency detection could 
be performed by an external input that informs the control 
logic 260 of the current operating frequency, as shown in FIG. 
2. Other devices or signals within the DLL system 200 that 
detect an operating frequency and couple to the control logic 
260 can also be used. 

In a further embodiment, a feedback loop from the DLL 
delay line 250 can also be incorporated to improve the opera 
tion of the DLL system 200. If there is a mismatch between 
the operating frequency and the power Supply to the DLL 
delay line 250, the DLL delay line 250 will fail to lock. In this 
situation, a fail signal can be fed back to the bias generator 
223 or RCV buffer 210 for respectively altering the voltage or 
the operating frequency. 
To more clearly illustrate the method of the present inven 

tion, a flowchart is provided in FIG. 3. Please note that this 
flowchart is according to the exemplary embodiment detailed 
above, wherein the control logic 260 can output three logic 
signals. Those skilled in the art, however, will be able to 
modify this method according to system requirements after 
reading the specification. The steps of the flowchart are 
detailed as follows: 

Step 300: Set thresholds of the control logic according to 
the type of memory; 

Step 302: Provide a clock signal; 
Step 304: Detect the frequency of the clock signal; 
Step 306: Is the detected frequency lower than the first 

threshold? If yes, go to Step 308; if no, go to Step 312; 
Step 308: Use the bias generator to control the power 

regulator to lower the power supply to the DLL delay line; 
Step 310: Is a fail signal output by the DLL delay line? If 

yes, return to Step 308; if no, return to Step 304; 
Step 312: Is the detected frequency higher than the second 

threshold? If yes, go to Step 314; if no, go to Step 318; 
Step 314: Use the bias generator to control the power 

regulator to increase the power Supply to the DLL delay line; 
Step 316: Is a fail signal output by the DLL delay line? If 

yes, return to Step 314; if no, return to Step 304; 
Step 318: Use the bias generator to control the power 

regulator to output a power Supply to the DLL delay line 
according to the JEDEC spec standard; return to Step 304. 

In Summary, the present invention provides a method and 
system for extending an operating frequency range of a DLL 
system in a memory such that it can achieve high accuracy at 
frequencies outside its usual operating range. This is achieved 
by a system that can modulate the power Supply to a delay line 
on-the-fly when it is determined that the memory is operating 
at a frequency outside the normal operating range. 

Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may 
be made while retaining the teachings of the invention. 
What is claimed is: 
1. A delay locked loop (DLL) system in a memory device 

with wide frequency application, comprising: 
a clock receiver that generates a clock for the DLL system; 
a delay line, coupled to the clock receiver, for receiving the 

generated clock and delaying the clock according to a 
received power Supply: 

a power regulator, for generating a power Supply to the 
delay line according to a bias; 

a control logic, coupled to the clock receiver, for generating 
a plurality of logic signals respectively corresponding to 
a plurality of frequency ranges of the clock; and 

a bias generator, coupled between the control logic and the 
power regulator, for providing the bias to the power 
regulator, wherein the value of the bias is according to a 
logic signal output by the control logic. 
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2. The DLL system of claim 1, further comprising: 
a frequency detection unit, coupled between the clock 

receiver and the control logic, for detecting an operating 
frequency of the clock and supplying the result to the 
control logic. 

3. The DLL system of claim 1, wherein the control logic 
determines an operating frequency of the clock according to 
a detection signal from an external input. 

4. The DLL system of claim 1, wherein the plurality of 
frequency ranges of the clock are predetermined, and are 
according to the JEDEC specification (JEDEC spec) of the 
memory device. 

5. The DLL system of claim 4, wherein the plurality of 
frequency ranges are defined according to a first frequency 
threshold and a second frequency threshold, the first fre 
quency threshold represents a lowest frequency of an operat 
ing range for the memory device according to the JEDEC 
Spec, and the second frequency threshold represents a highest 
frequency of the operating range for the memory device 
according to the JEDEC spec. 

6. The DLL system of claim 5, wherein when an operating 
frequency of the clock is between the first frequency thresh 
old and the second frequency threshold, the control logic will 
output a logic signal that controls the bias generator and the 
power regulator to generate the power supply to the delay line 
according to the JEDEC spec; when the operating frequency 
of the clock is below the first frequency threshold, the control 
logic will output a logic signal that controls the bias generator 
and the power regulator to lower the power supply; and when 
the operating frequency of the clock is above the second 
frequency threshold, the control logic will output a logic 
signal that controls the bias generator and the power regulator 
to increase the power supply. 

7. The DLL system of claim 1, wherein after the power 
supply to the delay line is generated, the delay line will output 
a feedback signal to the DLL system indicating whether or not 
the delay line has locked to the clock, and if the feedback 
signal indicates the delay line has not locked to the clock, the 
DLL system will change the power supply. 

8. The DLL system of claim 1, wherein after the power 
supply to the delay line is generated, the delay line will output 
a feedback signal to the DLL system indicating whether or not 
the delay line has locked to the clock, and if the feedback 
signal indicates the delay line has not locked to the clock, the 
DLL system will change the operating frequency of the clock. 

9. A method for dynamically changing a power supply of a 
delay line in a DLL system in a memory device with wide 
frequency application, comprising: 
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6 
generating a clock for the DLL system; 
determining an operating frequency of the clock and com 

paring the determined operating frequency against a 
plurality of frequency ranges; 

generating a specific logic signal that corresponds to a 
specific frequency range; and 

utilizing the specific logic signal to set the power supply for 
the delay line of the DLL system. 

10. The method of claim 9, wherein the plurality of fre 
quency ranges are predetermined, and are according to the 
JEDEC spec of the memory device. 

11. The method of claim 10, wherein the plurality of fre 
quency ranges are defined according to a first frequency 
threshold and a second frequency threshold, the first fre 
quency threshold represents a lowest frequency of an operat 
ing range for the memory device according to the JEDEC 
Spec, and the second frequency threshold represents a highest 
frequency of the operating range for the memory device 
according to the JEDEC spec. 

12. The method of claim 11, wherein when the operating 
frequency of the clock is between the first frequency thresh 
old and the second frequency threshold, the step of utilizing 
the specific logic signal to set the power supply for the delay 
line comprises: 

generating the power supply to the delay line according to 
the JEDEC spec; 

when the operating frequency of the clock is below the first 
frequency threshold, the step of utilizing the specific 
logic signal to set the power supply for the delay line 
comprises: 

lowering the power supply: 
and when the operating frequency of the clock is above the 

second frequency threshold, the step of utilizing the 
specific logic signal to set the power supply for the delay 
line comprises: 

increasing the power supply. 
13. The method of claim 9, further comprising: 
outputting a feedback signal to the DLL system indicating 

whether or not the delay line has locked to the clock; and 
when the feedback signal indicates the delay line has not 

locked to the clock, changing the power supply. 
14. The method of claim 9, further comprising: 
outputting a feedback signal to the DLL system indicating 

whether or not the delay line has locked to the clock; and 
when the feedback signal indicates the delay line has not 

locked to the clock, changing the operating frequency of 
the clock. 
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